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 锂离子电池中电极表面 SEI 膜对电池的电化学性能有重要影响，是锂离子电池
研究的热点之一。开始人们把注意力主要集中在阳极表面 SEI 膜，进行了大量和
较为深入地研究，而对阴极表面 SEI 膜注意较少，研究不多，直至最近锂离子电




 本文采用 SEM、FTIR、XPS、XRD、EIS、PITT 等方法对 LiCoO2、LiMn2O4
材料在各种电解液中表面 SEI 膜形成过程和性质、阴极表面 SEI 膜对界面相转移
过程的影响、锂离子在阴极材料表面 SEI 膜中的扩散特性以及 SEI 膜性质对材料
固体内部扩散动力学的影响进行研究，主要结果如下： 
（1）、LiCoO2、LiMn2O4 材料表面 SEI 膜的形成过程包括了自发反应过程和电化
学反应过程。其中 LiMn2O4 材料表面自发反应的产物主要是 ROCO2Li，而 LiCoO2
电极表面自发反应的产物还包含 Li2CO3；而在 LiCoO2、LiMn2O4材料表面发生的





（3）、研究发现，SEI 膜的性质能够影响锂离子在 LiCoO2、LiMn2O4 电极界面相















LiCoO2 材料表面，然后进行电荷转移过程；而在 SEI 膜较薄的 LiMn2O4 电极表面，
锂离子在 LiMn2O4 电极界面的相转移步骤为：溶剂化的锂离子在电极表面脱去部
分溶剂，从而吸附到 LiMn2O4 电极表面，进而在电荷转移过程中脱去剩余的溶剂。 
（4）、本文通过有限长度扩散模型和有限空间扩散模型分别对锂离子在 LiCoO2、
LiMn2O4 材料表面 SEI 膜和固体内部中的扩散阻抗进行解析，获得锂离子在材料表
面 SEI 膜和固体内部中的扩散动力学信息。结果显示，锂离子在阴极材料表面 SEI
膜中的扩散系数比材料固体内部中的扩散系数小了约 3-4 个数量级。虽然由于表面
SEI 膜的厚度很薄，锂离子在 SEI 膜中的扩散过程还没能表现为电极过程的控制步
骤，但是其较小的扩散系数值得我们重视。 
（5）、锂离子在 LiCoO2、LiMn2O4 材料固体内部中的扩散动力学也受表面 SEI 膜
性质的影响。不同电解液中，锂离子在 LiCoO2、LiMn2O4 材料固体内部中的扩散
过渡时间和扩散活化能均存在差异。分析表明，LiCoO2、LiMn2O4 材料表面 SEI


























Study on the interface of cathode /electrolyte  and  the kinetics 
of cathodic processes in lithium ion batteries 
 
 It is well known that a passive surface layer which is generally called the solid 
electrolyte interface layer (SEI layer) covered on both the anode and cathode in Li-ion 
batteries plays the key role in the electrochemical performance of lithium ion batteries. 
Much attention was paid to the SEI layer of the anodes, included its formation 
mechanism and the effort for the electrochemical performance of lithium ion batteries.    
Comparing with the anode SEI layer, however, the cathode SEI layer was accepted little 
research that its existing has not been confirmed until recently. 
 In this paper, many researching methods such as X-ray photoelectron spectroscopy 
(XPS), Fourier transform infrared spectroscopy(FTIR)、scanning electronic microscopy 
(SEM)、 X-ray diffraction (XRD)、electrochemical impedance spectroscopy (EIS) and 
potential intermittent titration technique (PITT) were employed to study the nature and 
formation mechanisms of the SEI layer on the  LiCoO2、LiMn2O4 materials. The 
effects of the SEI layeron the kinetic of lithium ion intercalation/deintercatlation 
processes on the cathode/electrolyte interface and the diffusion process within the SEI 
layer and bulk cathode materials were investigated in detail. The main results from 
those studies are summarized as following: 
(1)、 The formation process of the SEI layer of the LiCoO2、LiMn2O4 materials include 
the spontaneous reaction of electrolyte with the cathode materials and the 
electrochemical reaction of electrolyte associated the charge/discharge process of the 
cathode materials. The results of FTIR shows that the production of the  spontaneous 
reaction mainly include ROCO2Li in LiMn2O4 cathode and ROCO2Li 、Li2CO3 in 
LiCoO2 cathode. And ROCO2Li、Li2CO3 、LiF were found in both of the SEI layer of 
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the LiMn2O4、LiCoO2 cathode after charge/discharge process by the XPS technique. 
(2)、Our EIS results show that the processes of lithium ion intercalation into the cathode 
includes two main steps,  the step of  charge transfer reaction and the step of 
desolvation reaction of the salvation lithium ion. The desolvation reaction of the lithium 
ion inevitably affects the lithium ion transfer kinetics at the cathode/electrolyte interface 
because the resistance and activation energy of the process of the desolvation reaction 
are approximately equaled the charge transfer reaction both in the LiMn2O4 and LiCoO2 
cathodes. 
(3)、Results show that it is different between the mechanism of lithium ion intercalate 
into the LiCoO2 and the LiMn2O4 cathode for their different characteristics of the SEI 
layer. In LiMn2O4 cathode, the phase transfer process include the partial desolvation 
reaction of lithium ion, in which a partially desolvated lithium ion loses the remaining 
solvent molecules. In the LiCoO2 cathode , the desolvated lithium ion loses the all 
solvent molecules during across the SEI film before the formation reaction of the adion 
on the surface of electrode because its thick and compact SEI layer prevent the 
desolvated lithium ion transfer .   
(4)、The kinetics of lithium ion diffusion in the SEI layer and the bulk electrode both of 
the LiCoO2 and LiMn2O4 material have been studied by EIS method. The results shows 
that the diffusion coefficient of lithium ion transfer in the SEI layer of cathodes is lower 
about four magnitude than the bulk materials, although its diffusion transition time is 
not higher than the bulk materials for its thin thickness.  
(5)、The result of PITT shows that the kinetic of the lithium ion diffusion in the bulk 
material affected significantly by the SEI layer on its surface. The diffusion ransition 
time and the activation energy of the lithium diffusion in the bulk material are different 
among the cathode using different electrolyte. It is found that the different of the kinetic 
performance of the lithium ion diffusion in the bulk material mainly caused by the  
element F、O in the SEI layer.  
Key words: lithium ion battery , cathode/electrolyte interface, kinetics of cathodic 
processes 
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加到100 亿,能源消费将增加50 %～100 %[1]。人类虽然在改善环境方面取得了明显
的进步,但是全球经济发展的速度和规模、不断增加的全球环境污染以及地球上可
再生资源基础的退化有可能将此抵消。 
 目前90%能源来自化石燃料，矿物燃料燃烧时,要放出SO2 、CO、CO2 、NOx 等
物质,对人体、农作物和环境都有害。大气中50 %的温室气体来自能源使用，随着
能源消耗量的增长,CO2 释放量在快速增加,1980 年的排放量是1950 年的4 倍。这
种排放已使自然界CO2 循环的平衡被打破,多数专家认为,CO2 浓度的增加是地球
气候变暖的重要原因,而气候变暖将对生态环境造成严重的破坏,危及人类的生存。










 锂离子电池研究始于 20 世纪 80 年代，为了克服锂电池枝晶生长造成的安全问
题，1980 年 Armand 首次提出“摇椅式电池”（Rocking Chair Battery）的设想[4]。同
年，Goodenough 等[5]合成了具有良好嵌锂性能的 LiMO2（M=Co、Mn、Ni）嵌锂
化合物。1987 年，Auburn 和 Barberio[6]提出了一种以 LiCoO2为正极，MoO2（WO2）
为阳极的摇椅式电池体系，展示了早期锂离子电池的一种雏形。锂离子电池真正
商品化则是在上世纪 90 年代，1990 年日本 Nagaura 等人研制成以石油焦碳材料为




















































































量超过 400Wh/L，是镍-镉电池的 2~3 倍，镍-氢电池的 1~2 倍。随着新型高
比能材料的开发和应用，锂离子电池的比能量还有较大的发展空间。 
3、比功率高，图 1[9]比较镍-镉电池、镍-氢电池和锂离子电池的比功率。从图
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